The indirect india-ink immunoreaction and the indiaink immunoreaction inhibition tests are described and results are compared with those obtained by the indirect fluorescence antibody test. Titrations of seropositive samples were made by 2 methods and the titres obtained were similar. Some advantages of the india-ink immunoreaction as a diagnostic test are discussed.
Summary
The indirect india-ink immunoreaction and the indiaink immunoreaction inhibition tests are described and results are compared with those obtained by the indirect fluorescence antibody test. Titrations of seropositive samples were made by 2 methods and the titres obtained were similar. Some advantages of the india-ink immunoreaction as a diagnostic test are discussed.
India-ink immunoreaction (IIR) has been reported as a rapid diagnostic test for a number of microorganisms, including human enteric bacteria (Geck, 1971) , furunculosis of fish (McCarthy & Whitehead, 1977) , and the protozoon Encephalitozoon cuniculi (Waller, 1977; , 1979 . Studies of the precise mechanisms of this reaction, as with many immunoreactions, have not been reported, but it may be simply considered as an immunoadsorption (Geck, 1971) . The antibodies are adsorbed onto the carbon particles of india-ink which are then attracted to the antigen.
One reagent common to the various diagnostic tests was the india-ink and it would appear that only some commercially-available inks are suitable for the test (McCarthy & Whitehead, 1977) .
Another factor in common is that all the tests reported utilize the presence of antigen-specific immunoglobulins in rabbit sera.
Our experience with IIR and encephalitozoonosis in rabbits shows a very good correlation between the demonstration of antibodies and histological brain lesions (Bywater, 1979) and by utilizing this test we were able to eradicate the disease from a colony of rabbits . However, we were unsuccessful in applying the test directly to sera from rats and mice that were known to be infected.
We noted that sera from infected rabbits recognized not only organisms originating from naturally-infected rabbits but also those.in the ascites fluid of mice experimentally infected with the Nelson strain of E. cuniculi. The sera from the infected mice failed, apparently, to recognize the organism from either source (unpublished data). This suggested that the india-ink immunoreaction was dependent upon rabbit antisera. We were successful in testing mouse and rat sera by an indirect IIR utilizing antispecies serum raised in rabbits, and an IIR inhibition test using 'convalescent' serum from a rabbit infected with E. cuniculi. Both tests relied on rabbit immunoglobulin attached to carbon particles for the recognition of the specific antibody-antigen binding.
We also assayed the same sera by the indirect fluorescence antibody test (IFAT).
Materials and methods

Rats
A group of 16 outbred albino rats (Institut fUr Biologisch-Medizinische Forschung AG, CH-4414 Fiillinsdorf, Switzerland), aged 7-14 months, were terminally exsanguinated.
The colony was reputed from histological considerations to have an intercurrent natural infection by E. cuniculi.
Mice 4 female BALB/c A BOM mice (GJ. Bomholtgaard, Breeding and Research Centre, 8680 Ry, Denmark), 6 weeks old, were bled from the tail vein and then injected intraperitoneally each with O· 1 ml of ascites fluid of a mouse known to be infected with E. cuniculi.
The presence of microsporidia in this inoculum was confirmed by microscopic examination of Giemsastained smears (Fig. 1) . These mice were similarly bled again on days 7 and 21 after injection, and exsanguinated on day 49.
Sera
Sera samples from both rats and mice were diluted 1 : 10 in 0·15 M saline containing O· 1% sodium azide (NaN), and inactivated by heating at 56°C for 30 min. All were screened at this dilution for the presence of antibodies to E. cuniculi. A comparison of the result obtained using 4 techniques is made in Tables 1 and 2. Serial dilutions using the same diluent were prepared of the sera from 5 seropositive animals from each group, and titrated by the IF AT and indirect IIR methods. 
E. cuniculi antigen smears
Amounts of approximately 2 mm 3 of a formolized E. cuniculi spore suspension (Testman, Box 9020, S-750 09 Uppsala, Sweden) were spread onto cleaned dry slides to cover an area of about 4 mm diameter. After drying at room temperature the spores were gently heat-fixed. The prepared slides were stored for up to 3 weeks at room temperature before being used in all tests with the exception of the direct IIR method.
India-ink immunoreaction
Rat and mouse sera at 1: 10 dilution were examined by the modification of the IIR technique previously described for the detection of encephalitozoonosis in rabbits , 1979 .
Indirect IIR
Antigen smears were covered with test sera (about 5 mm 3 was sufficient for each) and incubated at room temperature for 15 min in a moist chamber. Slides were then twice washed by immersion for 2 min in 0·15 M saline and followed by 2 washes in distilled water. After air-drying, a drop of a mixture of equal portions of rabbit anti-mouse immunoglobin and
Kellett & Bywater india-ink was added to each smear and a coverslip applied. After 10 min at room temperature slides were examined by light microscopy under oil immersion using x 1000 magnification. The antispecies serum was obtained by immunizing rabbits known to be free from E. cuniculi against ammonium sulphate precipitated mouse immunoglobins (Hudson & Hay, 1976) . This serum was used to test both mouse and rat samples. It was diluted 1: 10 before being mixed in equal parts with india-ink. This was the optimal dilution which gave a strong reaction in the test without agglutination of the india-ink.
IIR inhibition
Antigen smears were incubated with test sera, washed and air dried as described for the indirect IIR. A drop (approximately 5 mm 3 ) of a mixture of equal parts of seropositive rabbit serum and india-ink was added to each smear and a coverslip applied. After 10 min at room temperature slides were examined under x 1000 magnification.
The serum used for mixing with india-ink was from a rabbit having a natural E. cuniculi infection and was diluted to give an antibody titre of 1 :20 by IIR. This appeared to be the optimum dilution to give a balance between the tendency of higher titre sera to overcome the inhibition afforded by pretreatment of antigen with positive serum and the weak reaction at lower titres.
By this technique attachment of carbon particles to antigen, i.e. a positive reaction, denotes absence of antibody in the test serum. The presence of antibodies from the test serum binding to antigen prevents the subsequent attachment of the carbon + positive rabbit serum particles.
Indirectjluorescence antibody test (IFAT)
The procedure employed was that of Wosu et al. (1977) using prepared antigen smears which were further fixed by immersion in cold acetone for 20 min, washed in 0·15 M saline and air dried. FITCconjugated sheep anti-mouse immunoglobin, molar F/P 2·1 was used undiluted.
Results
The results of the screening tests are recorded in Tables 1 and 2, and those of the comparative titrations in Table 3 . Antibodies could not be detected in the rat or mouse sera by direct IIR but were revealed by modification of the technique to include a rabbit serum phase, i.e. as an indirect or inhibition test. The indirect IIR and the IF AT, when used to screen sera at 1 : 10 dilution gave identical results, except for sample no. 9. However antibodies could be detected by the indirect IIR in this serum at a dilution of 1 : 5. t + denotes attachment of carbon particles to antigen or antigen fluorescence, while ± indicates minimal, diffuse attachment of carbon particles to antigen.
Indirect lIR· IFAT II R inhibition
Although inhibition of the IIR was demonstrated when this test was applied to rodent serum at a 1 : 10 dilution, the attachment of small numbers of carbon particles to the antigen (± in Tables 1 and 2) in some instances made the unequivocal distinction between seropositive and seronegative difficult.
The titration of seropositives by the indirect IIR and IF A T were comparable. 6 sera results were identical and the remaining 4 were within 1 tube dilution. 
Discussion
The indirect IIR was a reliable test for the demonstration of E. cuniculi antibodies in mouse and rat sera with good correlation between these and the titres obtained by IF AT. This is in keeping with a reported comparison of antibody titres in rabbits using IIR and IFAT (Waller, 1977) .
In the samples selected for titration both by IF AT and by indirect IIR, the titres in mice were high, but in response to recent experimental infection. The titres of rats were much lower, but were of sera from old, convalescent animals.
Antibodies could be detected by the IIR inhibition test, but in our system a few sera proved difficult to assess; however, with further modification and standardization this may prove to be a useful test. Rabbit serum having E. cuniculi antibodies is essential for the lIR inhibition test, but unfortunately antibody-free rabbit anti-species serum, equally necessary for an indirect test, is difficult to obtain from commercial suppliers (Bywater, Kellett & Waller, 1980) . Further work is required in order to establish the exact mechanism of these tests, other than the suggestion that rabbit IgG only attaches to the carbon particles in the india-ink (Waller, Morein & Fabiansson, 1978; . However, we are informed (T. Waller, personal communication) that the serum of the blue fox (Alopex lagopus) may be used for the direct IIR for the detection of E. cuniculi antibodies. The practical implication remains that the majority of diagnostic sera are produced in rabbits and, therefore, potentially the IIR can be used to visualize the specific antigen-antibody reaction. The IIR is a simple and rapid test which requires only transmitted light microscopy for reading. When used as an indirect test it does not require the conjugation of the rabbit antispecies serum, as is required for the
